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Abstract 
This study adopts a bottom-up typical method to establish the microscopic model to simulate the urban residential building 
energy consumption. The model is composed of a three-hierarchy structure: a) the classification according to the climate; b) 
according to the energy use; c) according to the energy intensity. Based on the model, energy consumption of urban residential 
building in Chongqing is calculated as an example. The calculation results of the model and the actual energy consumption are 
compared and validated. The residential building energy consumption model can be used to analyze the energy consumption in 
the past years using the existing data, as well as the development trend of the related factors so that the appropriate energy saving 
measures can be selected properly. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
According to the principle of energy modeling technology, energy modeling can be mainly divided into 
macroscopic and microscopic ways [1]. The model which uses microscopic technology can be divided by the way of 
conducting into statistical method and engineering method. The statistical method is that combining the large 
amount of existing data with the residents’ behavior to establish the model; engineering method is that calculating 
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the energy consumption according to the power and characteristics of each equipment. The occupants’ behavior has 
a wide variation range, and it can’t be fully described by a single factor [2,3], but the statistical method can better 
reflect the influence of resident’s behavior on energy consumption, including regression analysis, scenario analysis, 
and neural network technology. Engineering method includes dispersion method, typical method, sampling method 
and the simulation method etc. 
 
Nomenclature 
ea air conditioning energy use intensity in air conditioning season (kWh/m2) 
eA energy use intensity of each household appliance (kWh/m2) 
eb  air conditioning energy use intensity of bedroom in air conditioning season (kWh/m2) 
ec cooking energy use intensity (kWh/m2) 
el air conditioning energy use intensity of living room in air conditioning season (kWh/m2) 
eL lighting energy use intensity (kWh/m2) 
ew energy use intensity of domestic hot water (kWh/m2) 
gc cooking energy use intensity (kgce/m2) 
gl domestic energy use intensity (kgce/m2) 
gw energy use intensity of domestic hot water (kgce/m2) 
hA quantity of each household appliance of each house (set) 
hec average quantity of each electric cooking appliance of each house (set) 
hew average quantity of electric water heaters of each house (set) 
hgc average quantity of gas stoves of each house (set) 
hgw average quantity of gas water heaters of each house (set) 
n ratio of gas stoves’ gas consumption to gas water heaters’ gas consumption per unit time 
nb quantity of air conditioner in bedroom of each house (set) (nb is value for 1 if being more than 1) 
nl quantity of air conditioner in living room of each house (set) (nl is value for 1 if being more than 1) 
nt average quantity of air conditioner of each house (set) 
PA average power (kW) 
Pec average power of each electric cooking appliance (kW) 
Pew average power of electric water heaters (kW) 
PL average lighting power density (kW) 
Sb using area of main bedroom (m2) 
Sl using area of living room (m2) 
St floor area of each house (m2) 
twp average outdoor temperature in air conditioning season(Jun.1st~Sep.1st) (ć) 
TA average lighting time in a year (h) 
Tec average using time of each electric cooking appliance (h) 
Tew average using time of electric water heaters (h) 
Tgc average cooking time of each house in a year (h) 
Tgw average bathing time of each house in a year (h) 
TL average lighting time in a year (h) 
xa air conditioning operating ratio 
A average floor area of each house (m2) 
EER rated energy-efficiency ratio of split air conditioner 
αc ratio of cooking gas consumption to total domestic gas consumption 
αL ratio of illumination area to floor area 
αw ratio of domestic hot water gas consumption to total domestic gas consumption 
α0 ratio of cooking gas consumption to domestic hot water gas consumption 
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2. Methodology 
Based on the domestic and foreign building energy consumption model research, the method of establishing 
energy consumption characteristics and energy demand model has been preliminary obtained. The model is 
composed of a three-hierarchy structure: a) the classification according to the climate: typical city can be selected as 
the representative when calculating each climate zone’ residential energy consumption; b) according to the energy 
use: mainly divided into heating, air conditioning, lighting, electrical appliances, kitchen and  domestic hot water 
(DHW), etc.; c) according to the energy intensity: there are three levels including high, medium and low, and the 
difference among the levels is caused by the different time of operating equipment which depended on the different 
ways of life and energy use. 
Input parameters for the residential building energy consumption modeling are derived from publicized statistical 
documents, studies, literature and locally-conducted surveys. When energy consumption intensity is divided, 
according to related literature [4], the ratio of people whose energy consumption is high, medium and low is 
respectively set at 5%, 75% and 20%. Based on using time of appliances obtained from investigation and tests, high, 
medium and low energy consumption is divided. Air conditioning energy consumption calculation formula can be 
simplified as follows [5]: 
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Energy consumption of lighting can be estimated by residential lighting power density, illumination area and 
average use times and its calculation formula can be simplified as follows: 
L L L Le P T D       (6) 
Energy consumption of household appliances can be estimated by the ownership, the average power and average 
usage time. The commonly used appliances include color TV, refrigerator, computer, washing machine, electric fan, 
etc. The average ownership of household appliances of urban households is value for 1 if being more than 1. Energy 
Consumption of household appliances’ calculation formula can be simplified as follows: 
Ai Ai Ai
A
h P T
e
A
  ¦     (7) 
Energy consumption of cooking and DHW both include gas consumption and energy consumption. Energy 
consumption can be calculated according to the method of household appliances energy consumption. Energy 
consumption can be horizontally analyzed by ownership and mode of occupation. The household appliances include 
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electric cooker, such as electric rice cooker, microwave oven and kitchen ventilator and electric water heater. 
Calculation formula can be simplified as follows: 
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The gas consumption is estimated by the gas ratio of cooking and DHW and total household gas consumption 
except for the heating and its calculation formula can be simplified as follows: 
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3. Case study 
Taking Chongqing as an example, the energy consumption has been calculated through measurement, research 
and theory calculation, and the microscopic model about Chongqing urban residential energy consumption has been 
established. Through hourly monitoring of each urban residential household appliance for a week, the hourly power 
curve of different types of household appliances is obtained. The monitoring instrument is power analyzers. Based 
on the measured data, the hourly energy consumption, running time, usage frequency and power of household 
appliances in urban residential have been obtained and analyzed. Based on the characteristics of urban residents’ 
living, the content of the investigation are divided into two parts, see Table 1. The investigation of urban residential 
sample contains a total of 495 samples, including Shapingba district and Jiangbei district in Chongqing. 
                    Table 1. Rural house survey questionnaire design content. 
Name of each part Specific information 
Family and housing basic information Respondents’ age, educational background, information of 
permanent residents in family; Basic information of buildings 
(building area, built year and configuration etc.). 
Household appliances and energy usage habits The energy type of cooking and amount (natural gas, coal stove, 
electricity and bottled gas); The source of domestic hot water; 
Usage of the main household appliances (type, amount, power, 
usage time); Energy efficiency level of household appliances. 
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3.1. Energy consumption index of air conditioning 
The average outdoor temperature of air conditioning season twp is 26.98ć  [6] and the rated EER of air 
conditioner of existing residential building is 2.5. The average household air conditioner nt was 1.699 [7]. Average 
area of master bedroom in Chongqing residential building Sb is 20 m2 , average area of living room Sl is 30 m2 and 
household floor area St is 86.83 m2 [7]. Air conditioner operating rates xa in high, medium and low energy intensity 
are 1, 0.5 and 0 a day respectively. 
3.2. Energy consumption index of lighting 
Typical residential buildings have been selected based on investigation. Hourly power and running time of lamps 
and lanterns in typical residential bedrooms and living rooms are obtained by the power analyzer test. The average 
daily lighting time tL in high, medium and low energy intensity are 6h, 5h and 4h a day respectively and the ratio of 
illuminated area in floor area αL are 2/3, 1/2 and 1/3 respectively. The average lighting power density is 0.006 
kW/m2 [8]. 
3.3. Energy consumption index of household appliances 
By the Eq. (7), diversified household appliances energy consumption has been calculated respectively. According 
to statistical yearbook of Chongqing [7], the average household appliances of urban households have been obtained. 
Ownership of household appliances and the hourly power of TV, computer, electric fan and refrigerator is presented 
in Figure 1. 
 
   
Fig. 1. (a) Ownership of household appliances per Urban Households at Year-end (2012); (b) the hourly power of TV, computer, electric fan and 
refrigerator. 
The television usually placed in the living room or in the master bedroom. According to one week real-time 
monitoring of the television, the running time of television is relatively fixed. The power is about 58~60W when it 
is working and the standby power was about 0.6W. Research results show that the average daily running time of TV 
tAT in high, medium and low energy intensity are 6h, 4h and 3h a day respectively. 
According to one week real-time monitoring of the computer, the results show that computer usage is more in 
weekend than in weekdays. The standby energy consumption of computer is about 1.2~1.3W, the running power is 
about 80~140W. The running power values for 100W when calculate the energy consumption. The average daily 
running time tAC in high, medium and low energy intensity are 4h, 2h and 1h a day respectively in weekdays. The 
average daily running time tAC in high, medium and low energy intensity are 6h, 4h and 2h respectively in weekends. 
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The average household electric fan of urban households is 1 or more according to the investigation. The test result 
shows that the usage time was not fixed and there were three gears of the fan power, power value are about 27, 30, 
33W respectively. The running time is about 5~6 hours a day distribution in the afternoon and evening. It would be 
open through the night when it is hot. The average household electric fan values for 1 when calculate the energy 
consumption. According to the measured data, electric fan running time one year is about 60 days. The average 
daily running time tAF in high, medium and low energy intensity are 12h, 8h and 6h a day respectively. 
According to one week real-time monitoring of the washing machine, the results show that the washing machine 
using time is about 2/3 hour one time, which energy consumption time approximately 1/2 hour. The hourly power of 
laundry process is presented in Figure 2. 
 
 
Fig. 2. (a) The hourly power of washing machine; (b) the hourly power of electric rice cooker. 
The power of washing process and rinsing process is almost the same and the power is about 380W. There are 
two gears of dehydration power, peaked for 730W and another gear is 300W. According to the measured data, the 
average frequency of washing machine tAW in high, medium and low energy intensity is 5, 3 and 2 times a week 
respectively. 
According to one week real-time monitoring of the refrigerator, the results show that the refrigerator is always in 
the running state. The running power basically change in 70~110W, intermittent operation. The peak power is about 
170W during startup and power relative to achieve stable value after a period of time, which is about 80W. Users 
who do not use the refrigerator in winter in all users is 5%. 
3.4. Energy consumption index of cooking and DHW 
The average household electric cooker and kitchen ventilator of urban households are both 1 according to the 
investigation. According to one week real-time monitoring of the electric rice cooker, the results show that the 
electric rice cooker has two kinds of operation mode: when cooking, power is about 520W and in heat preservation 
condition, the power is about 45W. The running time in cooking mode is about 30 minutes and 20 minutes 
respectively in lunch time and dinner time and the running time in heat preservation mode is about 20 minutes and 6 
minutes respectively, see Figure 2. Microwave ovens and kitchen ventilator power are 750W and 80W, respectively 
and the use of microwave ovens and kitchen ventilator are 1/6 hour and 0.5 hour each time. According to the 
measured data, the average frequency of cooking in high, medium and low energy intensity is 14, 10 and 7 times a 
week respectively. 
The average household electric water heater share is about 10% in Chongqing according to the investigation. The 
power of electric water heater is 1500W, and the average time for bath is about 1/3 hour each time. The population 
is 2.7 per household in urban [7]. According to the measured data, the average frequency of warm bath in high, 
medium and low energy intensity is 365, 182 and 122 times a year respectively. 
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The average household gas water heater share is about 85% in Chongqing according to the investigation. The gas 
consumption per unit time is 1/3 of the ratio of gas stove to gas water heater. Residential gas consumption amount 
can be obtained by Chongqing Statistical Yearbook. Gas consumption for heating accounts for 2.9% of the total 
household gas consumption [9]. Gas consumption is converted to energy consumption in the paper. 
3.5. Residential energy consumption model in Chongqing 
According to the above calculation, energy consumption model of urban residential areas in Chongqing is 
established in Figure 3.  
 
 
Fig. 3. Energy consumption model of urban residential building in Chongqing. 
3.6. Validation of energy consumption model 
In order to verify the rationality and the reliability of the top-down microscopic model, we must proceed from 
energy consumption data in other ways, and check the result of the building energy consumption calculation. The 
actual energy consumption value of residential building of a university in Chongqing has been used for validation. 
The research objects is residential building group of a university in Chongqing, and the research content is the 
energy consumption residential building in 2013, and there are a total of 118 households in 6 buildings, which floor 
area is concentrated in 60 to 150 m2, family population is 2 to 4. The results of the survey are as follows: 
   Table 2. Energy usage of one residential group. 
Building 
number 
Average floor 
area(m2) 
Number of 
samples 
Energy consumption per year(kWh) 
Household average Unit area 
A 67 16 2273 32.47 
B 80 16 2486 31.08 
C 145 10 3009 20.75 
D 115 13 3025 25.21 
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E 112 12 3066 26.66 
F 75 51 2858 38.11 
Average / / 2617 29.05 
 
The total energy use intensity on average level of residential model in Chongqing is 22.53kWh/m2 energy. The 
energy consumption value of the model is lower than the investigation value. The deviation for energy use intensity 
between contrast residential model value and investigation value are 22.4%. It is because energy consumption from 
heating is not calculated and not all the household appliances are taking into consideration in the model. Besides, the 
small sampling scope of investigation may due to the less accuracy and precision of data. If taken heating energy 
consumption into consideration in the model as accounting for about 15% of the total energy consumption, the 
investigation value will be good match with the model. 
4. Conclusions 
(1) The model is composed of a three-hierarchy structure: a) the classification according to the climate; b) 
according to the energy use; c) according to the energy intensity.  
(2) A case in Chongqing is studied: the total energy use intensity on average level of residential model in 
Chongqing is 22.53kWh/m2. The deviation for energy use intensity between contrast residential model value and 
investigation value are 22.4%. If taken heating energy consumption into consideration in the model, the 
investigation value and the model value will be good matched.  
(3) The residential building energy consumption model can be used to analyze the energy consumption in the past 
years using the existing data, as well as the development trend of any related factors through the analysis of each 
item of the residential building energy consumption so that the appropriate energy saving measures can be selected 
properly. 
In addition, heating energy consumption accounts for large weight in residential building energy consumption 
and it relates to many factors. The authors will do further research about the model that taking heating energy 
consumption into consideration. 
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